Aim: The objectives of the present study were to examine the relationships between intramuscular fat, muscle strength and gait independence, as well as to clarify the intramuscular fat characteristics of dependent older women.
Introduction
The decreases in muscle mass, muscle strength and physical performance that occur with aging are clinically known as sarcopenia. 1 Recent studies have reported that intramuscular fat increases with aging, [2] [3] [4] and increased intramuscular fat has been associated with decreased muscle strength, gait speed and endurance. 2, [5] [6] [7] [8] The results of a large longitudinal study suggested that age-related decreases in quadriceps muscle strength were attributable to increased intramuscular fat. 9 Furthermore, intramuscular fat has been shown to be a more important determinant of hip fracture risk than other factors, including muscle mass, muscle strength and physical function. 10 Therefore, reducing intramuscular fat might improve muscle strength, balance and gait independence in older adults.
Muscle strength training increases muscle mass and decreases intramuscular fat in healthy older adults. 11 Recently, frailty has been defined as a clinical syndrome that presents as any combination of three or more of the following symptoms: slowness, weakness, weight loss, exhaustion and low physical activity. 12 Frail older adults have increased risks of adverse outcomes, such as falling, hospitalization and mortality. 12 Cadore et al. 13 examined the effects of muscle strength training in frail older adults who could walk independently, but met the definition of frailty based on Fried's criteria. 12 They found that, similar to results seen for healthy older adults, muscle strength training effectively reduced intramuscular fat and enhanced muscle mass in frail older individuals. 13 Ikezoe et al. reported that the quadriceps muscle mass of older adults who were unable to walk independently was less than that of similarly aged people who were could walk unaided.
14 However, the intramuscular fat in dependent older adults has not been measured, and the relationships of intramuscular fat with muscle strength and gait independence in dependent older adults remain unclear. Furthermore, the intramuscular fat characteristics of dependent older adults have not been compared with those of age-matched healthy or frail, but independently mobile, individuals. We hypothesized that dependent older adults would have more intramuscular fat than either frail or healthy independent older adults, and that the amount of intramuscular fat in dependent older adults would inversely correlate with their muscle strength and gait independence.
Previous studies have reported that 49-67% of older patients requiring rehabilitation are malnourished, 15 and that preventing weight loss and maintaining good nutrition improves their ability to carry out their activities of daily living. 16 A negative association between body mass index (BMI) and intramuscular fat content has been shown in healthy older women. 8 Therefore, identifying the relationship between intramuscular fat and BMI in dependent older adults is very important. The objectives of the present study were to examine the relationships between intramuscular fat, muscle strength and gait independence, as well as to clarify the intramuscular fat characteristics of dependent older women.
Methods

Participants
A total of 25 older women who were unable to walk independently (dependent group), 22 frail older women (frail group) and 22 healthy older women (healthy group) participated in the present study. All participants were community-dwelling, ranged in age from 66 to 101 years and were recruited using advertisements. Participants in the dependent group were not able to walk independently (defined as a functional independence measure [FIM] gait score of ≤5). Participants in the frail group could walk independently (defined as FIM gait score 6 or 7) and met Fried's frailty criteria. 12 Potential participants with dementia or neurological disorders were excluded. Each participant provided their written informed consent before participation, and the study protocol was approved by the ethics committee of Kobe University.
Study design
The present study used a cross-sectional design. Quadriceps intramuscular fat, muscle mass and muscle strength were measured in the dependent, frail, and healthy groups, and the degree of gait independence was assessed in the dependent and frail groups.
Measurement of intramuscular fat and muscle mass
Transverse ultrasound images ( Fig. 1) were acquired using B-mode ultrasound imaging (Nanomaxx; SonoSite Japan, Tokyo, Japan) with a linear-array probe (L25n/13-6 MHz; Nanomaxx). Water soluble transmission gel was applied to the skin surface of the right thigh, and the probe was pressed lightly against the skin to avoid deformation of the muscle while the participant lay in a supine position with their lower limbs relaxed. Images of the vastus lateralis, rectus femoris, vastus intermedius and vastus medialis were obtained at 30% of the distance between the anterior superior iliac spine and the proximal end of the patella. All ultrasound images were recorded by the same investigator. The intramuscular fat and muscle mass of the quadriceps were assessed based on echo intensity and muscle thickness, respectively. Echo intensity was measured in regions of interest that were selected to include as much muscle as possible while avoiding the bone and surrounding fascia. The echo intensities were determined by computer-assisted 8-bit gray-scale analysis, and the mean echo intensity of the regions of interest was expressed as a value between 0 (black) and 255 (white). Higher echo intensity values were considered to show greater amounts of intramuscular fat. 17 The overall echo intensity of the quadriceps was calculated as the mean echo intensity of each of the four individual quadriceps muscles. 7, 8 Muscle thickness was determined as the distance between the superficial adipose tissue-muscle interface and the deep muscle-muscle interface for the vastus lateralis, rectus femoris, and vastus medialis, and as the distance between the superficial muscle-muscle interface and the bone-muscle interface for the vastus intermedius. The sum of the thicknesses of the four individual quadriceps muscle heads was considered the overall quadriceps muscle thickness. 7, 8 Echo intensities and muscle thicknesses were determined using Image J 1.49 software (National Institute of Health, Bethesda, MD, USA). 7, 8 All ultrasound images were obtained from the right leg. 18 We previously confirmed that there were no significant differences in the echo intensity and muscle thickness of the right and left quadriceps in 20 healthy older women (age 75.8 ± 7.9 years). The intraclass correlation coefficients for the echo intensity and muscle thickness measurements in eight dependent elderly women (age 86.3 ± 6.3 years), using measurements taken 2 weeks apart, were 0.907 and 0.934, respectively.
Muscle strength measurement
The maximal isometric strength of the right quadriceps was measured using a handheld dynamometer (micro FET2; Hoggan Health Industries, Salt Lake, UT, USA). The participants rested in a sitting position with their knees flexed to 90°and the dynamometer was placed distal to the right knee joint. Muscle strength (Nm) was measured twice, and the maximal value was used to calculate torque as strength (N) times the length of the lever arm (m).
Assessment of gait independence
Gait independence in the dependent and frail groups was assessed using the FIM gait score, which previous studies have shown to have good validity and reliability. 19, 20 Statistical analysis All statistical analyses were carried out using SPSS statistics version 23 (IBM SPSS Japan, Tokyo, Japan). Variables were assessed for normality using the Shapiro-Wilk test. Pearson product-moment correlations were used to determine the associations of echo intensity and muscle thickness with muscle strength and BMI in the dependent group. Correlations between echo intensity or muscle thickness and FIM gait scores in the dependent group were assessed using the Kendall correlation test. Stepwise regression analysis was used to determine the relative contribution of echo intensity and muscle thickness to muscle strength and the FIM gait score in the dependent group. One-way analysis of variance was used to compare the echo intensity, muscle thickness, muscle strength and demographic characteristics (age, height, weight and BMI) of the participants in each group. If a main effect was observed, Tukey's post-hoc tests were used to determine the significance of specific between-group differences. When Tukey's tests showed significant differences, 95% confidence intervals (CI) were calculated. The Mann-Whitney U-test was used to compare the FIM gait scores of the dependent and frail groups. Differences were considered statistically significant if P < 0.05.
Results
The quadriceps echo intensity in the dependent group was significantly negatively correlated with muscle strength (correlation coefficient À0.635, P = 0.001; Fig. 2 ), FIM gait score (correlation coefficient À0.344, P = 0.03; Fig. 2 ) and BMI (correlation coefficient À0.608, P = 0.001). In addition, muscle thickness in the dependent group was significantly positively associated with muscle strength (correlation coefficient 0.613, P = 0.001), FIM gait score (correlation coefficient 0.524, P = 0.001) and BMI (correlation coefficient 0.669, P < 0.001). Stepwise regression analyses showed that the echo intensity was significantly associated with muscle strength (standard partial regression coefficient À0.635, P = 0.001), when compared with the muscle thickness (standard partial regression coefficient 0.293, P = 0.283, R 2 = 0.403). Conversely, muscle thickness was significantly associated with the FIM gait score (standard partial regression coefficient 0.634, P = 0.001), when compared with echo intensity (standard partial regression coefficient À0.047, P = 0.865, R 2 = 0.402). Tables 1 and 2 show the demographic, echo intensity, muscle thickness, and muscle strength data for the dependent, frail and healthy groups. None of the demographic characteristics were significant main effects in any of the analyses (Table 1 ). There were significant main effects of echo intensity, muscle thickness and muscle strength (Table 2) , and Tukey's tests showed that the echo intensities of the dependent and frail groups were significantly higher than the echo intensity of the healthy group (difference between the dependent and healthy groups 95% CI 2.8À24.0, difference between the frail and healthy groups 95% CI 0.1À21.9). There was no significant difference between echo intensity in the dependent and frail groups. For both muscle thickness and muscle strength, the dependent group had significantly lower values than the healthy group (difference in muscle thickness 95% CI À0.4 to À1.6 cm, difference in muscle strength 95% CI À11.4 to À30.0 Nm). There were no significant differences between the dependent and frail groups in either muscle thickness or muscle strength. There was no significant difference between the frail and healthy groups in muscle thickness, but the muscle strength of the frail group was significantly lower than that of the healthy group (difference in muscle strength 95% CI À2.8 to À22.1 Nm). The FIM gait score of the dependent group was significantly lower than that of the frail group (4.0 ± 1.4 vs 6.5 ± 0.5).
Discussion
There was a negative relationship between intramuscular fat and muscle strength, and muscle strength was more affected by intramuscular fat than by muscle mass in dependent older adults. There was also a negative relationship between intramuscular fat and gait independence in the dependent participants; however, this relationship was smaller than the relationship between muscle mass and gait independence. Participants in the dependent group had more intramuscular fat than healthy participants. These results suggest that decreasing the amount of intramuscular fat in dependent older adults might improve their muscle strength and gait independence. Furthermore, in the dependent group intramuscular fat was negatively correlated with BMI. Thus, preventing weight loss and maintaining good nutrition might be an important means of preventing the accumulation of intramuscular fat in dependent older adults.
The present results are consistent with those of a longitudinal study that examined intramuscular fat in healthy older adults. 9 In the present study, the intramuscular fat in dependent older adults was more strongly correlated with muscle strength than muscle mass. In contrast, the contribution of intramuscular fat to gait independence was less than that of muscle mass. Greater amounts of intramuscular fat have been associated with decreased 3.0 ± 0.9** 3.5 ± 0.8 4.0 ± 0.9 P < 0.01 Muscle strength (Nm) 31.8 ± 14.5** 40.1 ± 13.5** 52.5 ± 11.8 P < 0.01 *P < 0.05; **P < 0.01 (significant differences from the healthy group; based on Tukey's post-hoc test). Data are shown as mean ± standard deviation.
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© 2016 Japan Geriatrics Society 4 | walking ability 2 and mobility loss, 6 and intramuscular fat has a stronger relationship than either muscle strength or muscle mass to the risk of hip fracture. 10 These findings suggest that intramuscular fat accumulation might be associated with diminished balance and increased likelihood of falling. Dependent older adults might require assistance while walking to compensate for the detrimental effects of intramuscular fat on their gait.
There were no significant differences in intramuscular fat, muscle mass or muscle strength between the dependent and frail groups in the present study. However, the degree of gait independence in the dependent group was significantly lower than in the frail group. It has previously been reported that muscle strength training improves lower limb strength in frail older adults, but does not improve the results of the timed up and go test or gait speed. 21 Furthermore, Cadore et al. reported that muscle strength, balance, and gait training interventions improve lower limb muscle strength and the results of the timed up and go test in frail older adults. 13 Considering these results, balance training might be required to improve locomotor ability in these individuals. 13 A previous study suggested that balance training improved not only Berg balance scale scores, but also the dynamic gait index in frail older adults. 22 In other words, the ability to balance is closely associated with the ability to walk. The lesser gait independence of the dependent group relative to the frail group might be due to poor ability to balance. However, the intramuscular fat, muscle mass and muscle strength values of the dependent group participants were all worse than those values in the healthy participants. These results suggest that reducing intramuscular fat, and enhancing muscle mass and muscle strength are necessary to improve the locomotor ability of dependent older adults.
Participants in the frail group had more intramuscular fat than healthy participants, although their muscle masses did not differ. These results are in concordance with those of a previous study, which examined the differences in intramuscular fat and muscle mass between patients with hip osteoarthritis and healthy individuals. 23 The results of the present study and this previous work suggest that changes in intramuscular fat content might be an early indication of motor dysfunction that precedes changes in muscle mass. In other words, early intervention to reduce intramuscular fat might be more important than interventions aimed at increasing muscle mass in frail older adults.
Muscle strength training using machines with moderate loads (40-60% of the one repetition maximum) is useful for decreasing intramuscular fat content in frail older adults 13 ; however, machine training is difficult for dependent older people. Fukumoto et al. examined the effects of high-velocity (in which the concentric phase of each repetition is carried out as rapidly as possible, and the eccentric return to the initial position is done over 3 s) and low-velocity (in which both the concentric and eccentric phases last 3 s) muscle strength training with an elastic band on intramuscular fat and muscle mass in hip osteoarthritis patients. 24 The intramuscular fat of the gluteus maximus decreased more in the high-velocity muscle strength training group than in the low-velocity muscle strength training group, but muscle mass did not change in either group. These results suggest that high-velocity muscle strength training with a low load efficiently decreased intramuscular fat in dependent older adults who could not use a training machine.
The present study had four limitations. First, we used ultrasound to assess intramuscular fat and muscle mass. Although magnetic resonance imaging and computed tomography provide more accurate measurements of intramuscular fat and muscle mass, ultrasound has the advantages of being non-invasive, easily accessible and low cost. 21 Also, previous studies comparing ultrasound, muscle biopsy 17, 25 and magnetic resonance imaging 26, 27 data have shown that ultrasound provides valid measures of intramuscular fat and muscle mass. Second, all of the participants in the present study were women. Previous studies have shown that the rate of intramuscular fat increase is greater in men than in women. 9 Furthermore, the effects of muscle strength training on muscle mass is greater in frail older men than in frail older women. 28 Thus the present results, which were obtained from only female participants, might not be applicable to males. Third, because of the cross-sectional design of the present study, we have not proven or disproven a causal relationship between reductions in intramuscular fat and improved muscle strength and gait independence. Further studies are required to investigate the nature of this relationship. Finally, echo intensity is affected by scanning conditions, and therefore we are not able to provide a cut-off value for echo intensity that indicates excessive fat accumulation. 29, 30 Our results showed associations between intramuscular fat, muscle strength and gait independence in dependent older women; this suggests that increases and decreases in intramuscular fat might be a useful marker of muscle strength and gait independence in older women. In addition, dependent older women had more intramuscular fat than healthy older women, which might indicate that reducing intramuscular fat could improve their muscle strength and gait independence.
